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REMARKS 
Amendments 

The claim preambles are amended to emphasize thai it is the datasels that comprise the 
sequence identifiers corresponding to the biopolymer sequences, and the bodies are amended to 
remove the redundant "natural complex" from the biopolymer sequences, and to replace 
"syngeneic" with its "common source gene 1 * definition (p.l l, lines 1 8-21). These amendments 
do not change the scope of the claims, and add no new matter. 

Claim Objections 

The recitations of plural "criteria", "datascts", "databases", and "parameters" arc 
submitted to correctly state the intended claim. For example, in claim 3 the criterion is one of a 
plurality of user-defined criteria, and the search function searches the annotations of the datasct 
according to the criteria and outputs a first subset of the datasct restricted by the criteria. In 
other words, the search function searches the annotations of the dataset according to several 
criteria (including the criterion recited in claim 1), and outputs a first subset of the data set 
restricted by these several criteria (including the criterion recited in claim 1). 

The proposed comma has been inserted into claims 9 and 16. 

35USC112, second paragraph. 

The acronym ARROGANT is canceled from the claims. 

The Action correctly observes that in the context of cells and animals, syngeneic is often 
used to mean "derives from same genotype". However, in the present context of polynucleotide 
sequences, the inventors use the term syngeneic to analogously mean "derives from same gene'*, 
or equivalently, "common source gene", which is how our Specification defines the term at p.l 1 , 
lines 1 8-2 1 . This definition and usage is underscored by reference to well-known examples of 
sequence databases which restrict sequences to common source genes: "Exemplary databases 
include locally maintained syngeneically ordered databases, UniGene and LocusLink." p. 11, 
lines 21-22. In any event, the claims are amended to replace the objecied-to term with its 
"common source gene" definition. 

The phrase "natural complex" is canceled from the claims. 

8 09/865,090 
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The preamble is amended to emphasize that it is the datasets that comprise the sequence 
identifiers corresponding to the biopolyrner sequences. 

The targeted collection of sequences is output in the form of a data table comprising 
sequence identifiers corresponding to the a targeted collection of sequences. The preamble is 
amended to more literally correlate with the data table output, and to expressly state that the 
created data table comprises sequence identifiers corresponding to the targeted collection of 
sequences. 

Trademark names are canceled from the claims. 

Post-filing date publication 

To the extent of interest to the Examiner, enclosed is ICulkami et al (Bioinformatics 18, 
1410-17, 2002), a post-filing date publication by the inventors describing their ARROGANT 
tool. 

We petition for and authorize charging our Deposit Account No. 19-0750 all necessary 
extensions of time. The Commissioner is authorized to charge any fees or credit any overcharges 
relating to this comuiunication to our Dep. Acct. No. 19-0750 (order UTSD:0668). 



Respectfully submitted, 

Science & Technology Law Group 




Richard Aron Osman, J.D., Ph.D., Reg.No. 36,627 
Tel(949) 218-1 757; Fax(949) 2 1 8- 1 767 
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ABSTRACT 

Summary: ARROGANT (ARRay OrGANizing Tool) is 
a software toof developed to facilitate the identiti cation, 
annotation and comparison of large collections of genes 
or clones. The objective is to enable users to compile 
gene/clone collections from different databases, allow- 
ing them to design experiments and analyze the collec- 
tions as well as associated experimental data efficiently. 
ARROGANT can relate different sequence identifiers to 
their common reference sequence using the UniGene 
database, allowing for the comparison of data from two 
different microarray experiments. ARROGANT has been 
successfully used to analyze microarray expression data 
lor colon cancer, to compile genes potentially related to 
cardiac diseases for subsequent resequencing (to iden- 
tify single nucleotide polymorphisms, SNPs), to design a 
new comprehensive human cDNA microarray for cancer, 
to combine and compare expression data generated by 
different microa/rays and to provide annotation for genes 
on custom and Asymetrix chips. 

Availability: ARROGANT is freely available for use on the 

web at http://iethargy.swmed.edu/ 

Contact: harold.gamer® utsouthwestern.edu 

INTRODUCTION 

With the 'completion* of the Human Genome Project, 
researcher.*; are now applying the resulting sequence, 
mapping and annotation data towards the understanding of 
diseases which are due to altered regulation or sequence of 
genes belonging ro one or more pathways, such as cancer 
and other multigenie diseases. With the recent revolution 
in gene expression and genotyping technologies, it is now 

*To whom correspondence should be addressed. 
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possible to conduct experiments with thousands of genes 
simultaneously. This increase in the data production rate 
and the development of methods to assess relationship!; 
among genes in a single experiment mean that we must 
be able to simultaneously study groups of genes as 
well as single genes. However, since the (functional) 
annotation necessary to analyze the results of such parallel 
experiments is in many cases unavailable, incomplete, 
or distributed across numerous databases, our ability to 
see the big picture is limited. Software tools to design 
these experiments and then analyze the results based 
on integrating data from various sources are therefore 
very important to our ability to extract knowledge from 
these enormous amounts of data. For example, clustering 
and visualization techniques for analyzing microarray 
results have proven invaluable in identifying patterns in 
expression data (Dysvik and Jonassen, 2001; Stum et uL, 
2002). Sonic prominent packages include GeneSpring. 
Cluster Treevicw (Eisen et aL 1998) and Spolfire (hup: 
//www.spotfi re.com). 

Of the approximately 35 000 human genes, many have 
more than one splice variant, leading to more than 100000 
proteins (Lander eurl. t 200 J). With the current technology, 
it is not practical to include all genes and potential variants 
on a single microarray experiment — indeed most research 
groups work with custom application-specilic arrays or 
large, but incomplete sets of genes/clones. The selection 
of an optimal subset of genes is therefore important in 
the design of microarray experiments. Thus, there is a 
need for a tool to facilitate the identification, analysis, and 
comparison of gene or clone collections. 

There have been several efforts to develop integrated 
analysis engines for data generated from microarray ex- 
periments. All of these efforts depend cm the databases and 
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tables produced and maintained by a number of groups, 
especially the National Center for Biotechnology Infor- 
mation. TheNCBl website (http://www.ncbi.nlm.nih.gov) 
provides search engines for the various databases it cu- 
rates, including GenBank (Benson et «/., 2000), Uni- 
Gejie (Schuler, 1997), and LocusLink (Pruiti and Maglott. 
2001). While it is possible to use these search engines to 
generate a list of potential gene candidates for study, indi- 
vidual keyword searches arc required for each database or 
dataset. The results must then be combined and more im- 
portantly, the redundancies musr be eliminated. So, while 
it is possible to assemble and design large gene collections 
manually, it is inconvenient. While LocusLink can be used 
to annotate a gene collection in batch retrieval mode, the 
annotation cannot be accessed online and the researcher 
cannot include additional information, for example, ex- 
perimental data, to be associated with such a collection. 

There are other tools for working with expression data 
such as DRAGON* (Bouton mid Pevsner, 2000) (hup: 
//pevsnerl ab.keiinedykrieger.org/dragon .htm). However, 
DRAGON has limitations: it searches only one database 
at a time, has a limited ability to manipulate results, and is 
unable to incorporate additional information from the user. 
Furthermore, DRAGON docs not include some widely 
used databases such as GenBank (useful to study/identify 
non-transcribed as well as transcribed regions) and Locus- 
Link. Other microarray data mining tools include the 
yeast Microarray Global Viewer (yMGV), which only 
includes published expression data from yeast microat'- 
rays (Marc et aL f 2001). There are a number of other 
microarray and gene analysis utilities, including SOURCE 
(Stanford Online Universal Resources for Clones & ESTs, 
http://genomc-www5.stanford.edu/cgi-bin/SMD/source/ 
souiceSearch). unCHIP (http://uiichip.org:80$0/bio/ 
unchip), RESOURCFRER (Tsai et at. t 2001) and 
Allgenes (http://www.alJ genes. org). Each of these 
resources has unique capabilities, but is limited to specific 
functions which are packaged together in ARROGANT. 
ARROGANT provides in a single implementation wide 
annotation from multiple databases; flexibility in how it 
designs, compares, annotates and merges its collections 
and the ability to integrate experimental data with that 
annotation. 

Finally, the interpretation of data can be more 
efficient and thorough in an environment where impor- 
tant biomedical information is collected, visualized and 
manipulated for all genes hunuJlancously, and facilitated 
by searching and sorting capabilities. 

ARROGANT, as detailed below, was developed to ad- 
dress all of these needs. ARROGANT is a general-purpose 
tool for designing and analyzing experiments involving 
many gencs/cloncs such as those from expression mic roar- 
rays or DNA resequence ng efforts for variant single nu- 
cleotide polymorphisms (SNP) discovery. 



IMPLEMENTATION 

Computational tools 

ARROGANT is distributed over three separate compo- 
nents: a web server, a database server, and a compute 
server. The servers access a shared 3-terabyte RA1D- 
5 storage system containing copies of several databases 
which are updated monthly in a semi -automated manner. 
The web server is used to receive input and display output 
results to the researcher. The database server hosts several 
Microsoft SQL Server 7.0 databases. Various compute- 
intensive programs, such as BLAST (AHschu) etaL % 1990) 
for sequence comparison, and PR1MO (Li er al y 1997) 
for primer design, are implemented on a four-processor 
Hewlett-Packard L2000. 

Program organization 

ARROGANT is a database driven tool. ARROGANT 
utilizes NCBI databases (GenBank, (JniCene, LocusLink. 
flomoloGene), KEGG (Kanehisa and Goto, 2000), 
Genome Ontology Consortium data (Ashburncr et ai. 
2000), Research Genetics clone data and other custom 
databases (Rep-X (Wren and Forocs, 2000)). The local 
implementation of various databases and tools makes 
ARROGANT independent of server-based network con- 
nections and significantly improves its performance and 
reliability. ARROGANT has three modes of operation as 
shown in Figure 1 design mode, analysis mode and merge 
mode. 

Design mode 

In the design mode, ARROGANT can be used to compile 
a large collection of genes from different databases with 
a single keyword-based query. Each retrieved candidate 
gene/clone- is hyper] inked to its annotation and flagged 
for inclusion in or exclusion from the collection. AR- 
ROGANT allows researchers to add GenBank accession 
numbers, LocusLink IDs or UniGcne IDs to be included 
in the final collection. ARROGANT assists in the design 
of cDNA microarrays by creating FASTA files of input 
sequences from lists of commercially available clones 
and/or by designing primers for PCR product or cDNA 
clone microarrays. Primer design parameters can be set by 
the researcher. For oligonucleotide microarrays, FASTA 
files are created and probes are designed using the PR1MO 
oligonucleotide design code (Li at al, 1997) developed in 
our laboratory. The output files arc sent to the user by 
email. 

Analysis mode 

The function of the analysis mode is to allow the re- 
searcher to annotate a gene/clone collection and associate 
it with experimental data. All ur selected portions of the 
data are displayed in a searchable and sortable tabular 
form to enable the researcher to organize it and make 
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Fig. 1. Fluw chart of evems of ARROGANT it; all the three modes of operation. The user interface, input, viewing and interacting with the 
results, is through the world wide web using a standard browser. Many of the results files, including text and hypertext files, arc emailed to 
the user, and other results arc down loud able. 



biologically relevant observations. The input consists of a 
tab-delimited list of Gen Bank accession numbers, 
LocusLink IDs or UniGene IDs followed by up to 50 
numeric fields, which correspond to experi menial data, 
such as expression ratios from ;i mierourray experiment, 
or the number of SNPs found in ;i rcscqucncing exper- 
iment. Five levels of sort taud numerical summaries of 



sort -statistics) are provided to help the researcher group 
information of interest by various criteria (see Figure 2, 
panels a and b). The analysis mode of ARROGANT 
can help answer questions such as, 'Which of the genes 
in the collection are located on chromosome 3, are up- 
regulated by a factor of 3, have potentially polymorphic 
repeats, and also have homologs in mouse which could be 
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Fig. 2. (a) After collection annoLuiion in the analysis mode, the user selects which daia to view and can also choose to be prompted for local 
numerical data cntty. The researcher can select the fields to be displayed and sorted on the output tabic. Each of the fields is hot linked to 
help, a description of the source of the dnta and how it was prepared for display, lb) A portion of the output table for a given collection. Some 
fields are hyperlinked to the primary data source for additional detail. The search function enables a text search on specified columns of data 
to quickly find items of interest within the displayed data set 
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used for knockout experiments?* ARROGANT also has a 
search function to identify keywords appearing within the 
generated annotation in its tables. 

Merge mode 

The merge mode functions to integrate data from different 
gene collections, eliminate redundancies and identify 
.similarities and differences in member content of the 
collections. The comparison is done by first converting 
the input accession numbers. LocusIJnk IDs or UniGene 
IDs to their corresponding UniGene (Schuler, 1997) 
identifiers. Microarray s produced by different groups 
or companies contain their own unique clones with 
different accession numbers ih;u represent fragments of 
the same gene. The clones associations can be resolved 
via a common UniGene cluster ID. Expression data from 
different mi cm arrays can then be compared using the 
unique UniGene clusTer identifiers. Once the different 
identifiers have been mapped to their common UniGene 
IDs, the list of UniGene identifiers is then sorted and 
duplicates arc eliminated. The. UniGene identifiers are 
converted back to accession numbers that represent the 
longest sequence for the UniGene cluster, providing 
only one accession number per UniGene cluster. The 
merge function works within the analysis mode to allow 
researchers to gather experimental data from different 
microarray designs and display the results together. 

Results and Discussion 

ARROGANT has been used in a number of different 
applications, from microarray design and analysis to 
candidate gene selection. Some of those applications are 
detailed below. 

ARROGANT was used to develop a new human 
microarray for cancer studies 

There was a critical need to develop a 'comprehensive' 
human cancer irueroairay. m array thai contains every 
commercially available clone whose gene or expressed 
sequence tag (EST] has been implicated in cancer. AR- 
ROGAISTTs ability to look for candidate sequences based 
on keywords, integrate clone IDs from different sources 
and eliminate duplicate clones greatly simplified the task 
of adding genes to the existing University of Texas South- 
western Medical Center (UTSW) human 10 000 clone 
microarray (http://microaimy.swmed.edu). For 'compre- 
hensive' coverage, UTSW cancer researchers desired the 
inclusion of the collection of 13 969 genes implicated in 
cancer by the Cancer Genome Anatomy Program (CGAP) 
(http://egap.nci.oili.gov) and approximately 800 genes 
compiled by UTSVV investigators. The design mode of 
ARROGANT suggested an additional 237 genes based 
on keywords (e.g. cancer, metastasis, etc.) compiled by 
faculty researchers. The merge mode was used to com- 



bine these three collections. The combined collection 
was then compared with the existing members of our 
current human cDNA microarray, which determined that 
9315 genes (clones) needed to be added to our existing 
clone collection. The analysis mode found commercially 
available Research Genetics, Inc clones for 7593 of these 
genes. The resulting array is in wide use, and details 
on the array can be found on our core facility web site 
(http://mieroarruy.swmed.edu). Expansion of the array 
demonstrated the utility of ARROGANT in developing 
a new gene collection using all three modes of operation. 

ARROGANT was used to study colon cancer by 
analyzing multiple microarray experiments 

Previous to the creation of the 'comprehensive' cancer 
array, the UTS W human 1 0 000 clone microarray was used 
for colon cancer studies. Expression level data obtained 
from five experiments were analyzed using the ARRO- 
GANT analysis mode. mRNA samples were extracted 
from normal and cancerous tissue of four colon cancer 
patients and one patient having familial adenomatous 
polyposis (FAP), a precursor to colon cancer (Griffioen et 
aL, 1998). The linul annotation table with its experimen- 
tal data (http://lcthargy.swmcd.edu/hidcandsort.asp7txt. 
array=601 10) was initially sorted based on die expression 
level data. The threshold for flagging up- regulated or 
down-regulated genes was that their expression ratios 
were 2 or 2.5 times greater, respectively, in at least three 
of five colon cancer samples relative to their matched 
normal samples. The intent was to select a few genes 
wliose regulation was greatly altered and then inspect 
other genes in the affected pathways with the help of other 
annotation. Any gene found to be up regulated in three of 
the four colon tumors, but unaffected in the polyp, was 
then potentially implicated in the final stages of tumor 
development. By these criteria, 28 up- regulated genes and 
69 down- regulated genes appeared to be related to cancer. 
For example, AA680186 was down regulated in alL five 
of the microarray datasets. The annotation provided by 
ARROGANT revealed that this gene was a chcmotaclic 
factor for lymphocytes, leading to the hypothesis that 
fewer lymphocytes arc recruited to tumor sites allowing 
for growth of the tumor unchecked by the immune system. 

With the help of annotation from ARROGANT, these 
preliminary studies confirmed the validity of this approach 
to identifying genes relevant to the growth of cancerous 
cells. These studies have now been expanded to 20 patients 
and genes up- or down-regulated by two-fold or more 
in one third of the patients were selected as indicated 
above. Expression levels of ten of these genes have been 
confirmed by quantitative real-time PCR. ARROGANT 
provided critical information that enabled fast and efficient 
analysis to select a subset of genes to be inspected further 
in follow-up experiments. 
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ARROGANT was used lor identifying and 
annotating genes in polymorphism studies 
ARROGANT was vised in research being conducted as 
part of the NIH Program for Genomic Applications 
(PGA, hUp://www.nhlbi.ni>).»ov/resourecs/pga/index.htm) 
to identify and provide annotation for human genes 
putatively associated with cardiac disease and inflain^ 
mation. In this project. 750 genes suspected to play a 
role in cardiac disease are being identified for subsequent 
genotype/phenotype association studies. The selection of 
candidate genes was done in several ways: as of January 
1, 2002, 253 genes were chosen by faculty researchers in 
their areas of expertise; UK) human homologs of mouse 
genes were chosen from mouse microarray experiments 
on mouse models of cardiac disease; and additional genes 
were chosen using ARROGANT The design mode of 
ARROGANT was used ro identify 578 candidate genes. 
These candidate genes were, then categorized based on 
associated keywords provided by expert researchers (e.g. 
cholesterol, inflammation, G-proteiiu etc.) and annotated 
using the analysis mode. 

Overall, ARROGANT facilitated the selection process 
by providing sufficient relevant integrated biomedical 
information to make the selections. Of the 26 new genes 
identified using the keyword cholesterol and not included 
in other earlier lists, nine genc.s were selected for inclusion 
in the study. For example, i lie MEDLINE entry retrieved 
by ARROGANT for one of the nine genes chosen, NPC I . 
revealed that it was associated with the disease, Niemann- 
Pick type II, characterized by a delect in intracellular 
trafficking of sterols (Greer ei ai, 1999), thus justifying 
its inclusion. 

ARROGANT was used to uiuiotate large gene 
collections 

ARROGANT has been used to pre-conipute the annota- 
tion for our local gene collections and microarrays and 
lo annotate various Affymetrix nuip://www.affymelrix. 
com) GcneChip gene collections. These pre -computed 
annotated collections are freely available at htlp://leihargy. 
swmed.edu/preeompu ted. as p. ARROGANT has been used 
by researchers to further annotate and analyze their 
Affymetrix data. While the suite of software tools from 
Affymetrix provides various graphical ways of analyzing 
GcneChip data, these tools do not provide an integrated 
view of gene annotations that sonic researchers desire. 

ARROGANT was used to compare expression data 
from microarrays of different designs 

Cluster analysis of gene expression data produced at the 
Stanford Microarray Center identified distinct types of dif- 
fuse large B-cell lymphoma. ( Alizudch tt «/., 2000) (hup: 
//11m pp.nih.gov/lyniphomaA la La/c lones.txt). As a demon- 
stration, this datasct (representing 17 125 clones) was 



merged with colon cancer studies using the UTSW human 
10 000 clone microarray. The output consislcd of three 
separate lists, one containing the genes common to the 
collections followed by genes unique lo each collection. 
There were 4784 genes on the Stanford microarray* that 
were also represented on the UTSW 10000 clone mi- 
croarray. There were 6684 genes unique to the UTSW 
microarray and 8728 genes unique to the Stanford mi- 
croarray. A portion of the lists is shown in Table 1. As 
seen in Table 1(a), H89664 and H895I7 are EST clones 
of an unknown genes, which are similar to amyloid-like 
protein 2 precursor. Amyloid proteins are thought to play 
a role in various cancers such as breast, colon, and prostate 
cancers (Makimattila er ai t 2001). As seen in Table 1(h), 
H94720 (poly ADP-ribose glycohydrolasc) was found on 
the UTSW microarray but not on the Stanford microarray. 
This gene is known to be involved in the development of 
lymphoma (http://www.ich.ucl.ac.uk/cmgs/apoptos.htm) 
and would be a useful addition to the Stanford microarray 
(Park ei aL 2002). Similarly in Table 1(c), M77477 (hu- 
man aldehyde dehydrogenase) is known to play a role in 
lung cancer and would be a useful addition in the UTSW 
human cancer microarray. 

CONCLUSION 

ARROGANT was successfully used to design a 'compre- 
hensive' human cDNA microarray for cancer studies. The 
design mode was used to identify genes potentially in- 
volved in cardiac diseases and other similar applications. 
The analysis mode was used to annotate microarray ex- 
periments for colon cancer studies. ARROGANT has also 
been successfully used to annotate several gene collec- 
tions including genes on Affyinctrix and UTSW microar- 
rays. and genes thought to be involved in cardiac di<w:ase 
as found using ARROGANT's design mode. The merge 
mode was successfully demonstrated by comparing data 
from a Stanford microarray experiment (Alizadeh et al. y 
2000) with a UTSW microarray experimental data. The 
comparison suggested genes that could be added to both 
microarrays by (hiding clones unique to each collection. 
This feature enables the analysis of data from many types 
of microarray designs, solving a current difficulty in ex- 
pression data s haiing. 
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Tabic 1. A portion of in* displayed ouiput obtained from the comparison of the UTSW microarray clono list with tho Stanford rnicroarroy clone list, by 
GenBank accession number (accsno). Note rhnt experimental expression ratios are also displayed and properly associated with a given gene although the 
particular clone may Ije different in each jirrtty, (n} Clone members common to both, (b) Those unique to the UTSW microarray. (c) Those unique to the 
Stanford microarray 



(a) 



UTSW 


Stanford 


UniGene 


Description 


Ratio 


Ratio 


acc*no 


accsno 


ID 




I 


2 


AA676804 


AA 179189 


Hs.2227 


CCAAT/cnhancer binding protein (C/KBP). g»mma 


6.91 


3.27 


H89664 


HS9517 


Hs. 2795 IS 


Amyloid beta (A4) precursor- like protein 2 


6.53 


6.92 


AA700005 


R0272J 


Hn.19413 


calcium-binding protein A )2 {i&tgraiiulLn C) 


5.7] 


3.56 


AA4I9I77 


N2S00rt 


Hs.184ol)1 


SLC7 A5 Solute currier family 7, member 5 


3.21 


4.24 


<t» 


UTSW 


Stanford 


UniGene 


Description 


Ratio 


Ratio 


accsno 


accino 


ID 




1 


2 


AAI 15919 




Hx.278589 


General transcription factor II, i 


29.75 




AA007699 




Ri.75790 


PIGC niosphatidyl inositol glycun, class C 


14.25 




H94720 




Hs.9l 390 


PARG Koly (AOP-ribtise) glycohydroluse 


8.55 




N24004 




lls.27\353 


MutY (E. coli) hon-kolog 


7.42 




to 


UTSW 


Stanford 


UniGene 


Description 


Ratio 


Ratio 


accsno 


accsno 


ID 




I 


2 




M77477 


Hi 375 


Aldehyde dehydrogenase 3 family, member Al 




44.88 




AA 1021 13 


Hs.227730 


ITGA6 Intcgrin, alpha 6 




21.34 




Ml 9645 


Hs.75410 


Heat shock 70kD procein 5 




J 7.69 




T395I6 


Hs.75517 


Laminin. beta 3 




13.75 
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